AEDC-TSR-79-V60 

.Z. 


•***'  2  8  ms 


DOCNUM  SBR 

UNC28898-PDC  A 


HEAT-TRANSFER  TESTS  ON  A  FULL  AND 
1/4  SCALE  AIM-9E  SIDEWINDER  MISSILE  AND 
A  1/15  SCALE  6BU-8  GUIDED  BOMB  UNIT  AT 
MACH  NUMBERS  OF  1.5.  2.0  AND  2.5 


W.  K.  Crain 
ARO ,  Inc . 


October  1979 


Final  Report  £or  Period  June  1979  through  August  1979 


Approved  for  public  release;  distribution  unlimited. 


TECIrWICM-'  HSFORTS 


^  A-  .■("  -i 


vi  i:.  7. 

'V  '."■'.JY 
-vjj 


ARNOLD  ENGINEERING  DEVELOPMENT  CENTER 
ARNOLD  AIR  FORCE  STATION,  TENNESSEE 
AIR  FORCE  SYSTEMS  COMMAND 
UNITED  STATES  AIR  FORCE 


NOTICES 


When  U.  S.  Government  drawings,  specifications,  or  other  data  are  used  for  any  purpose  other 
than  a  definitely  rcdated  Government  procurement  operation,  the  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever,  and  the  fact  that  the  Government  may  have 
formulated,  furnished,  or  in  any  way  supplied  the  said  drawings,  specifications,  or  other  data,  is 
not  to  be  regarded  by  implication  or  otherwise,  or  in  any  manner  licensing  the  holder  or  any 
other  person  or  cc>rporation,  or  conveying  any  rights  or  permission  to  manufacture,  use,  or  sell 
any  patented  invention  that  may  in  any  way  be  related  thereto. 

References  to  named  commerical  products  in  this  report  are  not  to  be  considered  in  any  sense 
as  an  indorsement  of  the  product  by  the  United  States  Air  Force  or  the  Government. 


APPROVAL  STATEMENT 


This  report  has  been  reviewed  and  approved. 

JOSEPH  F.  PAii^ICK,  JK.  Lt.  Col,  USAF 
Test  Director,  VifF  Division 
Directorate  of  Test  Operations 


Approved  for  publi-ation: 


FOR  THE  COMMANDER 


JAMES  D.  SANDERS,  Colonel,  USAF 
Deputy  for  Operations 


UNCLASSIFIED 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  number  t.  GOVT  ACCESSION  NO. 

AEDC-TSR-79-V60 

3.  RECIPIENT'S  CATALOG  NUMBER 

«.  TITLE  (and  Subtllle) 

HEAT  TRANSFER  TESTS  ON  A  FULL  AND  1/4  SCALE  AIM-9E 
SIDEWINDER  MISSILE  AND  A  1/15  SCALE  GBU-8  GUIDED 
BOMB  UNIT  AT  MACH  NUMBERS  OF  1.5,  2.0  AND  2.5 

S.  TYPE  OF  REPORT  A  PERIOD  COVERED 

Final  Report  -  June  1979 
through  August  1979 

8-  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORffJ 

W.  K.  Crain,  ARD,  Inc.,  a  Sverdrup  Corporation 
Company 

8.  CONTRACT  OR  GRANT  NUMBERfcJ 

9.  performing  organization  name  and  address 

Arnold  Engineering  Development  Center 

Air  Force  Systems  Command 

Arnold  Air  Force  Station,  TN  37389 

10.  PROGRAM  ELEMENT,  project.  TASK 
AREA  A  WORK  UNIT  NUMBERS 

Program  Element  62602F 

tl.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

AFATL/DUC 

Eglin  AFB,  Florida 

12.  REPORT  DATE 

October  1979 

IS.  NUMBER  OF  PAGES 

49 

14.  MONITORING  AGENCY  NAME  A  AOOHESSfl/ d/irer«nl  from  Conlrolling  OHteo} 

IS.  SECURITY  CLASS,  (of  thia  laport) 

UNCLASSIFIED 

IS*.  DECLASSIFICATION- OOWNCRADINC 
SCHEDULE 

N/A 

1«.  distribution  statement  (ol  tMm 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (of  ffi*  aitiormd  in  Bloob  30,  If  diUofonl  bom  Roport) 

IB.  SUPPLEMENTARY  NOTES 

Available  in  Defense  Technical  Information  Center  (DTIC) 

IS.  KEY  WORDS  ^Confinu*  on  fOvof*o  oitfo  it  nOEoaoniy  and  identi/y  by  block  number) 

AIM-9E  Airborne  Flight  Data  System 

GBU-8  heat  transfer  correlation 

heat  transfer 

wind  tunnel  testing 

aerodynamic  heating 

10.  abstract  (Conllnu*  on  rovotoo  otdo  it  noeootory  and  Idantify  by  block  numbar) 

Heat  transfer  tests  were  conducted  in  the  Arnold  Engineering  Development 
Center  <AEDC)  Supersonic  Wind  Tunnel  A  on  a  1/4  and  full  scale  AIM-9E  Sidewinder 
Missile  and  a  1/15  scale  GBU-8  Guided  Bomb  Unit.  The  purpose  of  the  tests  was 
to  obtain  heating  distributions  on  the  stores  for  wind  tunnel/flight  correlation 
and  as  baseline  data  for  input  to  an  analytic  thermal  response  code.  Heat 
transfer  coefficient,  adiabatic  wall  temperature,  and  Schlleren/shadowgraph 
photographic  data  were  obtained.  Tests  were  conducted  at  Mach  numbers  1.5, 

DD  .;;r»  1473  EDITION  OF  I  NOV  CS  IS  OBSOLETE 


UNCLASSIFIED 


UNCLASSIFIED 


20.  ABSTRACT  (Continued) 

2.0  and  2.5  and  free-stream  unit  Reynolds  numbers  of  1  x  10®  to  5  x  10®. 
Model  angle  of  attack  was  varied  over  the  range  from  -2  to  4  degrees.  In 
addition,  performance  evaluation  tests  were  conducted  on  a  stand-alone 
flight  data  system  designed  to  gather  flight  test  heat-transfer  data. 


AK9C 

AnkklJ  AFft  Ttim 


UNCLASSIFIED 


CONTENTS 


NOMENCLATURE .  3 

1.0  INTRODUCTION .  6 

2.0  APPARATUS 

2.1  lest  Facility .  7 

'2.2  Test  Articles 

2.2.1  AIM-9E .  7 

2.2.2  GBU-8 .  8 

2.3  Test  Instrumentation .  6 

3 . 0  TEST  DESCRIPTION 

3.1  Test  Conditions  and  Procedures 

3.1.1  General .  9 

3.1.2  Data  Acquisition .  10 

3.2  Data  Reduction .  10 

3.3  Uncertainty  of  Measurements .  12 

4.0  DATA  PACKAGE  PRESENTATION .  13 

REFERENCES . 


APPENDIXES 

I.  ILLUSTRATIONS 
Figure 


1 .  Tunnel  A . 16 

2.  Full  Scale  AIM-9E  Sidewinder  Missile  and  WSE  Pod .  17 

3.  Full  and  1/4  Scale  AIM-9E  Hind  Tunnel  Models .  18 

4.  Full  Scale  AIM-9E  Hardware  Modifications  . .  19 

5.  Mated  Full  Scale  AIM-9E  Missile  and  Launch  Rail .  20 

6.  1/4  Scale  AIM-9E  Sidewinder  Missile  Definition .  21 

7.  Mated  1/4  Scale  Missile  and  Launch  Rail .  22 

8.  1/15  Scale  GBU-8  Guided  Bomb  Unit  Definition . 23 

9.  1/15  Scale  GBU-8  and  Support  Sting . 24 

10.  Full  Scale  AIM-9E  Instrumentation  Location .  25 

11.  1/4  Scale  AIM-9E  Instrumentation  Location .  26 

12.  1/15  Scale  GBU-8  Instrumentation  Location  .  27 

13.  Boundary  Layer  Trip  Location  .  28 

14.  Full  Scale  AIM-9E  Installation  in  Tunnel  A .  29 

15.  1/4  Scale  AIM-9E  Installation  In  Tunnel  A .  30 

16.  1/15  Scale  GBD-8  Installation  in  Tunnel  A .  31 

17.  Typical  Plot  of  QDOT  Versus  TW/TT  .  32 

18.  Comparison  of  the  Full  and  1/4  Scale  AIM-9E  Tunnel  Data  .  33 

19.  GBU-8  Heating  Distribution  Summary  .  34 


II.  TABLES 


Table 


1 .  Measurement  Uncertainties .  36 

2.  Full  Scale  AIM-9E  Instrumentation  Location  .  38 

3.  1/4  Scale  AIM-9E  Instrumentation  Location  .  40 

4.  1/15  Scale  GBU-6  Instrumentation  Location  .  42 

5.  Test  Log  .  . .  43 


1 


III.  SAMPLE  TABULATED  DATA  . 

IV.  REFERENCE  HEAT-TRANSFER  COEFFICIENT  AND  STANTON  NUMBER  .  . 


NOMENCLATURE 


AO 

A1 

ALPHA 

ALPl 

Cl 

C2 

£ 

GAGE 

HPR 

H(TAW) 

ITAW 

ITW 

KG 

LH 


M,  MACH 
HU 

MUTT 

P 

PHI,  ROLL 
PHII 


Intercept  of  linear  curve  fit  [see  Eq.  (7)] 

Slope  of  linear  curve  fit  [see  Eq.  (7)] 

Model  angle  of  attack,  deg 

Indicated  pitch  angle,  deg 

Garden  gage  calibration  factor  measured  at 
530*R,  Btu/f t^-sec/mv 

Temperature  corrected  Garden  gage  calibration 
factor,  Btu/ft^-sec/mv 

Garden  gage  output,  mv 

Garden  gage  identification  number 

Reference  heat-transfer  coefficient  (see 
Appendix  IV) 

Heat-transfer  coefficient  based  on  TAW, 

Q  DOT/(TAW-TW),  Btu/f t2-sec-'’R 

Enthalpy  based  on  TAW,  Btu/lbm 

Enthalpy  based  on  TW,  Btu/lbm 

Gardon  gage  temperature  calibration  factor, 
“R/rav 

Model  reference  length,  in, 

118.0  for  AIM-9E  full  scale 
29.565  for  AIM-9E  1/4  scale 
9.930  for  GBU-8 

Free -St ream  Mach  number 

Dynamic  viscosity  based  on  free-stream 
temperature,  Ibf-sec/ft^ 

2 

Dynamic  viscosity  based  on  TT,  Ibf-sec/ft 
Free-stream  static  pressure,  psla 
Model  angle  of  roll,  deg 
Indicated  roll  angle,  deg 
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PT 

PT2 

Q 

QDOT 

RN 

HE 

REX 

RHO 

RUN 

STER 

ST (TAW) 

ST (TAW) 0 

T 

TAW 

TGE 

THETA 

TT 

TW 


Tunnel  stilling  chamber  pressure,  psla 

Total  pressure  dovmstream  of  a  normal  shock 
wave,  psla 

^ree-stream  dynamic  pressure,  psla 

2 

Heat-transfer  rate,  Btu/ft  -sec 

Nose  radius.  In. 

1.40  Inches  (Full  Scale  AIM-9E) 

0.35  Inches  (1/4  Scale  AIM-9E) 

0.327  Inches  (1/15  Scale  GBU-8) 

Free-stream  unit  Reynolds  number,  ft”^ 

Reynolds  number  based  on  free-stream  conditions 
and  the  distance  X  (X  measured  from  model  nose 
to  a  particular  gage) 

3 

Free-stream  density,  Ibm/ft 

Data  set  Identification  number 

Stanton  number  based  on  reference  conditions 
(see  Appendix  IV) 

Stanton  number  based  on  TAW, 

ST (TAW)  =  QDOT/ [(RHO) (V)(ITAW  -  ITW)] 

Stanton  number  based  on  heat- transfer 
coefficient  from  the  model  stagnation  heat 
transfer  gage 

Free-stream  static  temperature,  *R 
Adiabatic  wall  temperature,  "R 
Garden  gage  edge  temperature,  "R 
Angular  measurement  on  model,  deg 
Tunnel  stilling  chamber  temperature,  "R 
Wall  temperature  of  a  Garden  gage,  •R 
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AT 


Temperature  differential  across  the  Garden 
gage  disc,  *R  or  “F 

V  Free-stream  velocity,  ft/sec 

X  Axial  distance  from  nose.  In. 
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1.0  INTRODUCTION 


The  work  reported  herein  was  conducted  at  the  Arnold  Engineering 
Development  Center  (AEDC),  Air  Force  Systems  Command  (AFSC) ,  by  ARO, 

Inc.,  AEDC  Group  (a  Sverdrup  Corporation  Company),  contract  operator 
of  AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee.  This  work  was  done 
In  support  of  the  Store'  Heating  Technology  Project  sponsored  by  the 
Aircraft  Compatibility  Branch,  Air  Force  Armament  Tegt  Laboratory 
(AFATL),  Eglln  AFB,  Florida,  under  Program  Element  62602F,  Control 
Number  2567-00-9.  The  AFATL  project  monitor  was  Capt,  Spence  Peters. 

The  test  objective  was  to  obtain  heating  distributions  on  the  full 
scale  AIM-9E,  1/4  scale  AIM-9E  and  the  1/15  scale  GBU-8.  A  secondatry 
objective  was  to  record  heat- transfer  rate  and  model  temperature  data 
on  the  DCAP*  flight  data  recorder  for  the  purpose  of  evaluating  the 
performance  of  this  system.  The  heat-transfer  data  obtained  on  the 
AIM-9  models  will  be  used  In  conjunction  with  flight  test  data  to 
develop  wind  tunnel  to  flight  scaling  procedures.  A  flight  test  pro-  | 
gram  is  planned  to  obtain  data  on  the  AIM-9E/DCAP  unit  in  FY80.  The 
GBD-8  data  are  to  be  used  as  inputs  for  analytical  calculations  of  store 
internal  component  temperature  response. 

The  tests  were  conducted  In  two  phases.  Both  test  entries  were 
run  in  the  von  KArmAn  Gas  Dynamics  Facility  (VKF) ,  Supersonic  Wind 
Tunnel  (A)  under  ARO  Project  Number  V41A-48.  The  1/4  scale  AIM-9E  and 
the  1/15  scale  GBU-8  were  tested  in  Phase  A  during  the  period  of  June  6-7, 
1979.  The  full  scale  AIM-9E/DCAP  hardware  was  tested  In  Phase  B 
during  the  time  period  of  July  27-28,  1979.  Data  were  recorded  at 
Mach  numbers  1.5,  2.0  and  2.5  at  a  tunnel  stagnation  temperature  of 
180®F.  Oil  flow  runs  on  the  1/4  scale  AIM-9E  were  made  at  a  tunnel 
Stagnation  temperature  of  100**F.  Free-stream  unit  Reynolds  numbers 
ranged  from  1.0  x  10®  to  5.0  x  10®  per  foot.  Model  angle  of  attack 
was  varied  from  -2  to  4  deg  on  the  AIM-9E  models.  Data  were  obtained 
with  and  without  canards  and  launch  rail  as  well  as  with  and  without 
boundary  layer  trips. 

The  GBU-8  model  was  tested  at  angles  of  attack  of  0  and  4  degrees 
and  roll  angles  of  0,  ±90,  and  180  degrees.  This  model  was  also  tested 
with  and  without  boundary  layer  trips. 

Copies  of  the  Phase  A  results  have  been  transmitted  to  AFATL /DLJC. 
Copies  of  the  Phase  B  results  will  be  transmitted  to  AFATL  as  well  as 
copies  of  this  report.  Inquiries  to  obtain  copies  of  the  test  data 
should  be  directed  to  AFATL/DLJC,  Eglln  Air  Force  Base,  Florida. 

A  copy  of  the  final  data  has  been  retained  on  microfilm  at 
Arnold  Engineering  Development  Center  in  the  von  KArmAn  Gas 
Dynamics  Facility. 


*DCAP  =  Acronym  for  D^ata  Correlation  and  Acquisition  P^roject  flight 
data  recorder  (Ref .  1) . 
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2.0  APPARATUS 


2 . 1  TEST  PACILITY 

Tunnel  A  (Pig.  T)  is  a  continuous,  closed-circuit,  variable  density 
wind  tunnel  with  an  automatically  driven  flexible-plate- type  nozzle  and 
a  40-  by  40-in.  test  section.  The  tunnel  can  be  operated  at  Mach  numbers 
from  1,5  to  6  at  maximum  stagnation  pressures  from  29  to  200  paia, 
respectively,  and  stagnation  temperatures  up  to  750  R  at  Mach  number  6. 
Minimum  operating  pressures  range  from  about  one- tenth  to  one- twentieth 
of  the  maximum  at  each  Mach  number.  The  tunnel  is  equipped  with  a  model 
iniectlon  system  that  allows  removal  of  the  model  from  the  test  section 
while  the  tunnel  remains  in  operation.  A  description  of  the  tunnel  and 
airflow  calibration  information  may  be  found  in  Ref.  2. 


2 . 2  TEST  ARTICLES 
2.2.1  AIM-9E 


The  hardware  tested  represented  the  forward  36  percent  of  the  AIM-9E 
Sidewinder  missile  and  WSE  Pod*  (Fig.  2).  In  addition,  the  AERO-3B  Launcher 
was  used  to  provide  missile  launch  rail  influence  ® 

distributions.  The  test  hardware  was  composed  of  a  full  and  1/4  scale 

model  (Fig.  3). 


Plight  hardware  obtained  from  Robbins  and  Hill  Air  Force  Bases 
was  used  for  the  full  scale  missile.  Modifications  to  the  flight  hard' 
ware  consisted  of : 


(a)  replacing  the  glass  eye  used  in  IR  detection  with  a 
steel  nose  dome,  _  _ 


IR  sensor  in  the  guidance  section. 


(c)  Installation  of  heat-transfer  gages  in  the  missile  skin, 


(d)  installation  of  turnbuckles  in  the  servo  section  as  a  pro¬ 
vision  for  keeping  the  canards  at  zero  deflection  angle, 
and 

(e)  addition  of  a  threaded  adaptor  to  provide  transition  between  the 
missile  forebody  and  tunnel  support  system. 


Some  of  these  modifications  are  shown  in  Fig.  4.  In  addition,  the  AER0-3B 
Launch  Rail  was  cut  37.8  in.  aft  of  the  leading  edge  _ 

the  missile  at  the  axial  position  corresponding  to  actual  flight  carriage 

(Fig.  5). 


*WSE  =  Weapon  ^stem  Evaluator.  WSE  is  an  airborne  subsystem  used  to 
monltor“signals  from  the  aircraft's  fire  control  system  to  the  missile 
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A  1/4  scale  model  of  the  flight  hardware  (Figs.  2  and  6)  was  con¬ 
structed  from  stainless  steel.  The  canards  were  removable  but  did  not 
possess  deflection  capability.  A  simulated  AER0-3B  Launch  Ball  was  also 
constructed  and  was  attached  to  the  1/4  scale  model  (Fig.  7).  The 
launch  rail  material  was  6061 -T6  aluminum  alloy. 

2.2,2  GBU-8 

A  1/15  scale  model  of  the  GBU-8  Guided  Bomb  Unit  was  tested  In  con¬ 
junction  with  the  1/4  scale  A1M-9E  model.  A  sketch  of  the  GBU-8  is 
shown  in  Fig.  8.  The  model  is  9.93  Inches  long  and  has  fixed  cruciform 
wings.  The  main  body  Is  constructed  from  6061-T6  aluminum  alloy  and 
the  wings  from  304  stainless  steel.  The  model  and  associated  support 
hardware  are  shown  in  Fig.  9. 

2,3  TEST  INSTRUMENTATION 

The  measuring  devices,  recording  devices,  and  calibration  methods 
used  for  all  measured  parameters  are  listed  in  Table  1  along  with  the 
estimated  measurement  uncertainties.  Heat-transfer  rate  measurements 
were  obtained  with  thermopile  Garden  gages  which  were  supplied  and  cali¬ 
brated  by  the  VKF.  The  thermopile  gage  utilizes  vapor-deposited  layers 
of  antimony  and  bismuth  to  form  a  thermopile  on  the  back  surface  of  the 
sensing  foil.  Gage  sizes  of  1/4-  and  1/8-in.  diam  were  used.  The 
sensing  foil  thickness  on  the  1/4 -in,  diam  gages  were  0.010  and  0.020 
in.  while  the  1/B-ln.  diam  gages  had  a  foil  thickness  of  0.003  in. 

The  gages  were  Instrumented  on  the  gage  body  with  copper-cons tantan 
thermocouples  which  provided  gage  edge  temperatures.  These  temperatures, 
together  with  the  gage  output,  were  used  to  determine  the  gage  surface 
temperatures,  which  were  used  to  compute  the  local  heat-transfer  coef¬ 
ficients. 

The  full  scale  missile  was  instrumented  with  thirty-five  1/4-ln.- 
diam  gages -for  heat- transfer  distribution  definition  and  twenty  1/8-in.- 
diam  gages  between  canards  for  defining  the  shock  interaction  heating. 

_A  sketch  showing  the  general  arrangement  of  the  instrumentation  is  shown 
in  Fig.  10,  and  dimensional  locations  of  the  gages  are  given  in  Table  2. 

The  1/4  scale  AIM-9E  and  1/15  scale  GBU-8  were  both  instrumented 
with  1/8 -in .-diameter  gages.  The  1/4  scale  AIM-9E  contained  37  gages 
and  the  GBU-8,  20  gages.  Gage  layout  for  the  two  models  is  depicted  in 
Figures  11  and  12.  Dimensional  locations  of  the  gages  are  given  in  Tables 
■  3  and  4  for  the  1/4  scale  AIM-9E  and  the  1/15  scale  GBU-8,  respectively. 

Oil  flow  photographs  were  taken  with  Varltron  Model  E  70-mm  cameras 
mounted  on  the  side  of  the  test  section.  Two  cameras  were  used  to  pro¬ 
vide  photographic  data  of  the  fin  region  of  the  models.  An  automatic 
camera  control  system  was  used  to  provide  automatic  shutter  sequencing 
in  4-sec  intervals. 
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3.0  TEST  DESCRIPTION 


3.1  TEST  CONDITIONS  AND  PROCEDURES 

3.1.1  General 

The  test  conditions  were  selected  to  provide  data  on  the  effects 
of  Reynolds  number  and  Mach  number.  The  following  iJ  a  summary  of  the 
nominal  test  conditions. 


RE  X  10~^/ft 

1 .24 
2.48 
3.26 
3.55 

4.07 

0.‘87 

3.45 

3.67 
4.10 

4.77 

1.35 

3.64 
5.08 

At  some  test  conditions »  particularly  at  sub atmospheric  stagna¬ 
tion  pressures,  the  air  humidity  level  affected  the  test  section  Mach 
number.  The  Tunnel  A  sidewall  Mach  number  probe  was  used  periodically 
when  testing  at  these  conditions  to  monitor  deviations  from  the  stand¬ 
ard  calibrated  Mach  numbers.  Uhen  a  deviation  was  measured,  the  free- 
stream  conditions  were  corrected  and  the  actual  Mach  number  printed  on 
the  data  tabulations.  Test  variables  and  configurations  for  the  in¬ 
dividual  runs  are  presented  In  Table  5. 

Boundary-layer  trips  were  used  for  all  runs  with  the  1/4  scale 
AIM-9E  and  the  1/15  scale  GBU-8  models  as  well  as  on  the  low  Reynolds 
number  runs  on  the  full  scale  AIM-9E.  The  trips  consisted  of  carborundum 
grit  applied  to  the  model  with  Eastman  910  cement.  Number  46  and  70 
grit  were  used  on  the  1/4  scale  AIM-9E  and  1/15  scale  GBU-8  models  while 
number  150  grit  was  used  on  the  full  scale  AIM-9E,  Trip  locations  for 
the  AIM-9E  and  GBU-8  are  depicted  in  Fig.  13.  Grit  size  for  a  partic¬ 
ular  run  is  listed  in  the  test  log  (Table  5). 


MACH 

PI,  psla 

TT, 

Q,  psla 

P,  psla 

1. 

,50 

5.1 

640 

2.19 

1.39 

10.2 

4.38 

2.78 

13.4 

5.75 

3.65 

14.6 

6.26 

3.98 

14.0 

559 

6.01 

3.81 

1. 

84 

4.0 

640 

1 .55 

0.66 

2. 

00 

17.0 

6.08 

2.17 

18.1 

6.47 

2.31 

20.2 

7.23 

2.58 

19.5 

559 

6.98 

2.49 

2. 

38 

B.O 

640 

■ 

2.24 

0.57 

2. 

50 

23.0 

5.89 

1.35 

1 

32.1 

8,22 

1.88 
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In  the  VKF  continuous-flow  wind  tunnels  (A,  B,  C) ,  the  model  Is 
mounted  on  a  sting  support  mechanism  In  an  installation  tank  'directly 
underneath  the  tunnel  test  section.  The  tank  Is  separated  from  the 
tunnel  by  a  pair  of  fairing  doors  and  a  safety  door.  When  closed,  the 
fairing  doors,  except  for  a  slot  for  the  pitch  sector,  cover  the  open¬ 
ing  to  the  tank  and  the  safety  door  seals  the  tunnel  from  the  tank  area. 
After  the  model  Is  prepared  for  a  data  run,  the  personnel  access  door 
to  the  installation  tank  is  closed,  the  tank  Is  vented  to  the  tunnel 
flow,  the  safety  and  fairing  doors  are  opened,  the  model  is  Injected 
Into  the  airs tr earn,  and  the  fairing  doors  are  closed.  After  the  data 
are  obtained,  the  model  is  retracted  into  the  tank  and  the  sequence 
Is  reversed  with  the  tank  being  vented  to  atmosphere  to  allow  access  to 
the  model  in  preparation  for  the  next  run.  Tunnel  installation  photo¬ 
graphs  for  the  full  scale  AIM-9E,  1/4  scale  AIM-9E  and  1/15  scale  GBU-8 
are  shown  in  Figs.  14,  15,  and  16  respectively. 

3.1.2  Data  Acquisition 

Data  from  the  1/4  scale  AIM-9E  and  the  1/15  scale  GBU-8  were  re¬ 
corded  exclusively  on  the  Tunnel  A  standard  data  system.  In  the  case 
of  the  full  scale  AIM-9E,  the  DCAP  flight  data  recorder  was  used  in 
conjunction  with  the  standard  data  system  to  record  the  test  data. 

The  purpose  of  this  was  to  verify  the  performance  of  the  DCAP  system. 
Gages  located  so  as  to  give  a  representative  axial  heating  distribu¬ 
tion  were  routed  directly  to  the  DCAP  unit.  These  gages  are  denoted 
with  an  asterisk  in  Table  2.  Of  these,  five  were  connected  to  a  quick 
disconnect  plug  and  were  used  on  the  DCAP  unit  only  for  the  runs  dedi¬ 
cated  to  DCAP  evaluation.  Runs  47  and  48  (Table  5).  These  gages  are 
denoted  by  an  asterisk  in  a  circle  in  Table  2.  A  description  of  the 
DCAP  data  system  is  given  in  Ref,  1. 

Procedures  for  acquiring  the  test  data  were  as  follows.  The  initial 
step  prior  to  recording  the  test  data  was  to  cool  the  model  uniformly 
to  approximately  70“F  with  cooled  high  pressure  air.  This  was  accomp¬ 
lished  by  providing  chilled  air  from  a  vortex  generator  (Hilsch  vortex 
tubevRef.  3)  to  a  retractable  cooling  manifold.  With  the  model  attitude 
set  at  zero  pitch  the  cooling  manifold  was  positioned  around  the  model. 
When  the  cooling  cycle  was  complete  the  manifold  was  retracted  and  the 
model  attitude  was  established  prior  to  tunnel  injection.  The  model 
was  then  Injected  into  the  flow  and  immediately  translated  to  the  full 
forward  position  in  the  tunnel.  At  model  lift-off  the  tunnel  flow 
parameters  were  recorded  and  the  data  acquisition  sequence  for  the  . 

Garden  gages  was  initiated  prior  to  reaching  the  tunnel  flow.  Data  were 
recorded  on  3  to  5  second  intervals  for  each  Gardon  gage  over  a  period 
of  approximately  two  minutes  until  the  output  of  each  gage  approached 
zero.  The  model  was  then  retracted  from  the  tunnel,  and  the  cooling  cycle 
was  repeated  to  cool  the  model  to  an  isothermal  condition. 

3.2  DATA  REDUCTION 

All  free-stream  parameters  were  computed  assuming  a  perfect-gas 
isentropic  expansion  from  the  tunnel  stilling  chamber  and  utilizing  the 
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measured  pressure  and  temperature  In  the  stilling  chamber  and  the  cali¬ 
brated  Mach  number  In  the  test  section. 

The  thermopile  Garden  gages  used  In  the  model  are  direct  reading 
heat  flux  transducers  whose  output  may  be  converted  to  heating  rate  by 
means  of  a  scale  factor.  The  thermopile  Garden  gage  scale  factor  has 
been  found  to  be  a  function  of  temperature,  and  therefore  must  be 
corrected  for  gage  temperature  changes  according  to  the  following 
equation. 

C2  =  Cl [4.72878  -  (2.83765  x  10"^)(TGE)  +  (7.82707  x  10“^)(TGE)^  (1) 

-  (9.44869  X  10"®)(TGE)^  +  (4.30151  x  10~^b(TGE)^] 


The  heat  flux  to  the  thermopile  gage  can  be  calculated  for  any 
data  point  by  the'  following  equation: 


QDOT  =  (E)(C2) 


(Z) 


The  surface  temperature  of  the  gage  Is  given  by 


TW  =  TGE  +  0.75  AT  (3) 

where 

AT  =  (KG)  (E)  (4) 


A  specialized  Gardon  gage  data  reduction  procedure  was  used  to 
compute  the  heat-transfer  coefficient.  This  technique  provides  a  method 
for  extrapolating  to  adiabatic  wall  temperature.  This  Is  Important  in 
Tunnel  A  where  the  difference  between  the  model  wall  temperature  and 
the  adiabatic  wall  temperature  is  small.  This  small  temperature  differ¬ 
ence  causes  the  calculation  of  the  heat-transfer  coefficient  to  be  sen¬ 
sitive  to  deviations  from  the  actual  adiabatic  wall  temperature.  The 
special  data  reduction  procedure  is  based  on  the  concept  that 


H(TAW)  = 


(5) 


where  H(TAU)  Is  assumed  to  be  constant.  Rearranging  Equation  (5)  gives 

QDOT  =  [H (TAW)] [TAW]  -  [H(TAW)i[TW]  (6) 

where  [H(TAW)] [TAW]  is  a  constant.  Therefore,  Equation  (6)  can  be  written 
In  the  form  of  a  straight  line 

QDOT  »  AO  +  A1(TW)  (7) 


il 


since  AO  and  A1  are  constant,  a  comparison  of  Equations  (6)  and  (7) 
gives 


H(TAW)  -  -A1  (8) 

Setting  QDOT  =  0  in  Equation  (7)  and  solving  for  Ttf  leads  to  the  follow¬ 
ing  relationship: 

TAW  -  -  Iy  (9) 


the  actual  steps  in  the  data  reduction  procedure  are  to  obtain  a 
linear  curve  fit  of  QDOT  versus  TW  for  each  gage  (a  typical  plot  is 
shown  in  Fig.  17) and  evaluate  AO  and  A1  in  Equation  (7).  The  quality 
of  the  curve  fit  is  verified  by  examining  the  plotted  data  on  a  graphics 
display  terminal.  When  the  curve  fit  has  been  verified,  the  heat-transf er  ' 
coefficient  can  be  calculated  from  Equation  (8) ,  and  the  adiabatic  wall 
temperature  can  be  determined  from  Equation  (9) .  The  value  of  TAW  is 
checked  to  see  if  it  is  within  the  following  range: 


0.8  1.01  (10) 

If  the  Equation  (10)  is  not  satisfied,  an  asterisk  is  printed  n^t  to 
the  value  of  TAW  in  the  tabulated  data. 


3.3  UNCERTAINTY  OF  MEASUREMENTS 

In  general,  instrumentation  calibrations  and  data  uncertainty  esti¬ 
mates  were  made  using  methods  recognized  by  the  National  Bureau  of  Stand¬ 
ards  (NBS).  Measurement  uncertainty  is  a  combination  of  bias  and  precision 
errors  defiined  as : 


U  ■=  i  (B  +  tg^S) 

where  B  is  the  bias  limit,  S  is  the  sample  standard  deviation,  and  t.- 
Is  the  95th  percentile  point  for  the  two-tailed  Student’s  "t"  dlstriou- 
tlon  (95-percent  confidence  interval),  which  for  sample  sizes  greater 
than  30  is  taken  equal  to  2. 

Estimates  of  the  measured  data  uncertainties  for  this  test  are  given 
in  Table  la.  Data  uncertainties  for  the  Garden  gages  are  determined  from 
laboratory  calibrations,  and  data  uncertainties  In  other  measurements  are 
determined  from  in-place  calibrations  through  the  data  recording  system 
and  data  reduction  program. 

Propagation  of  the  bias  and  precision  errors  of  measured  data  through 
the  calculated  data  was  made  in  accordance  with  Ref.  4;  the  results 
are  given  in  Table  1b. 
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4.0  DATA  PACKAGE  PRESENTATION 


Heat^  transfer  coefficients  were  obtained  at  selected  locations 
on  a  full  and  1/4  scale  A1M-9E  Sidewinder  Missile,  and  on  a  1/15  scale 
GBU-8  Guided  Bomb  Unit.-  Typical  heat- transfer  tabulations  are  illus¬ 
trated  In  Appendix  III.  The  data  were  plotted  to  prejsent  the  longi¬ 
tudinal  and  circumferential  distribution  of  heat-transfer  data  on  the 
three  models . 

Representative  results  from  the  full  and  1/4  scale  AIM-9E  tests 
are  presented  In  Fig,  18.  The  data  were  taken  at  free-stream  condi¬ 
tions  of  Mach  1.5  and  RE  =  5  x  10^  per  foot.  Model  angle  of  attack 
was  zero  degrees.  The  data  are  plotted  in  the  form  ST  (TAW)  [RE  x  I^O^I ' 
versus  X/LM  so  as  to  take  out  any  Reynolds  number  effect. 


Heating  distribution  variation  with  Mach  number  is  presented  in 
Fig.  19  for  the  GBU-8.  The  data  were  taken  at  a  free-stream  unit 
Reynolds  number  of  RE  =  3.6  x  10®  per  foot  and  zero  degrees  angle  of 
attack.  In  addition,  turbulent  theory  is  presented  (Ref.  5,  MACH  « 
2,0)  indicating  that  the  boundary  layer  trips  were  effective  in  pro¬ 
ducing  a  turbulent  boundary  layer  over  the  model. 
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a.  Tunnel  assembly 


Fig.  3  Full-  and  1/4-Scale  A 
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4  Full-Scale  AIM-9E  Hardware  Modifications 
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Fig.  6  1/4  Scale  AI1I-9E  Sidewinder  Missile  Deflniticn 


Fi^.  7  Muted  1/4-Sra.le  Missile  and  Launch  Rail 


Pig.  8  1/15  Scale 
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Fig.  12  1/15  Scale  GBU-S  Instrumentation  Location 
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IMC.  -  AEOC  OfTISION 
*  SVERDRUP  CORPOXATinN  CCIKPAHT 
VOM  KARHAN  CAS  DYSAMIC8  FACILITY 
ARNOLD  AIR  FORCE  STATION,  TENNESSEE 


DATE  CONFUTED  ll«JUti-19 
TIKE  COMPUTED  i3l>4t«3 
DATE  RECORDED  T-JUN-19 
TIME  RECORDED  Q|2l|4S 
PROJECT  NUMBER  V4U«4D 


Ol 


RUN 

MODEL 

KACH  ft  PT3 

NUMBER  (FStAl  (FSIA) 

Tt 

(DECR) 

P 

A1M-9E 

I.St  14 

.5  13,4 

634.67 

T 

P 

Q 

V 

RHO 

(PEGR) 

IPSIA) 

tPSlA) 

(PT-sec) 

(LBS/PIl) 

434.64 

3.44 

6.193 

1550. 

3.3B7E-02 

CAGE 

TAM 

TAM/  tT 

HITAW) 

STlTAH) 

1 

647. 64S 

1.014 

2.9)8E-02 

).3t0E-03 

3 

610.356 

Q.956 

3,74]E-02 

3.a98R-03 

4 

619,135 

O.PTD 

3.149E-02 

2.650E-0J 

5 

631.117 

0.P76 

3,a92E>fl2 

3,2elE>03 

6 

630.045 

0.971 

3.172E*fl2 

3.451E-01 

T 

634.610 

0.978 

2.476E«03 

■  2.T37E-0) 

P 

626.914 

0.942 

3.047E>02 

2.)09E-03 

11 

621,441 

0.976 

1.77lE-a2 

3.00DE-a3 

12 

614.250 

0.964 

2. 106E.02 

2.177E-03 

13 

617.753 

0.967 

2.003K.-02 

3,36DF-03 

14 

619.154 

0.970 

t,B29F:-n2 

2.065F-03 

13 

619.192 

0.970 

l,7BSr-02 

I.OISE-O) 

17 

617.727 

0,967 

1.87SE-03 

2.1I6E-Q3 

IS 

614,647 

0.969 

2,151E-02 

3.43HF-n3 

IP 

624.443 

0.944 

1.84 jE-02 

3.134F-03 

31 

624.315 

0.974 

2,100E-02 

2.369G-03 

22 

619.744 

0.970 

1.71BE-02 

1.963G-01 

23 

639.202 

0.985 

3.1176>02 

2.411E-0) 

34 

627.010 

0.982 

1.862E*02 

3.I01E-0) 

26 

614.736 

0.961 

1.7257-02 

1.94Br.-0) 

36 

625.445 

0.979 

2.1407.-02 

3.459E-03 

37 

675.461 

0.940 

1.9n7F-02 

3.1S7E-03 

34 

625.001 

0,979 
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12 
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16 
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APPENDIX  JV 


REFERENCE  HEAT-TRANSFER  COEFFICIENT  AND  STANTON  NUMBER 


In  presenting  heat-transfer  coefficient  results,  it  is  convenient  to 
use  reference  coefficients  to  normalize  the  data.  Equilibrium  stagnation 
point  values  derived  from  the  work  of  Fay  and  Riddell  .(Ref .  6)  were  used 
to  normalize  the  data  obtained  In  this  test.  These  reference  coefficients 
are  given  by: 


HFR  = 


8.17173(PT2)°-^(MUTT)°*^[1  -  ^] 


0.25 


[0.2233  +  (1.35x10^)(TT  +  560)] 


(BN)°*^(TT)°*‘'^ 


where 


PT2  Stagnation  pressure  downstream  of 

a  normal  shock  wave,  psla 

MUTT  Viscosity  conditions  based  on  stagnation 

temperature,  lbf-3ec/ft2 

P  Free-stream  pressure,  psla 

TT  Tunnel  stilling  chamber  temperature,  *R 

RN.  Reference  nose  radius,  ft 

2 

RHO  Free-stream  density,  Ibm/ft 

V  Free-stream  velocity,  ft/sec 


STFR 


_ HFR _ 

(RHO) (V) [0.2235  +  0. 00001 35(TT  +  560)1(32.174) 


D 


